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Alkalies are considered to be simple metals at ambient conditions. However, recently reported
theoretical and experimental results have shown an unexpected and intriguing correlation be-
tween complex structures and an enhanced superconducting transition temperature in lithium
under pressure. In this article we analyze the pressure induced Fermi surface deformation in
bcc lithium, and its relation to the observed cI16 structure. According to our calculations, the
Fermi surface becomes increasingly anisotropic with pressure and develops an extended nest-
ing along the bcc [121] direction. This nesting induces a phonon instability of both transverse
modes at N , so that a Peierls-type mechanism is proposed to explain the stability of Li-cI16.
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Light alkalies have long been considered as simple met-
als1 due to their monovalency, high conductivity and
crystallization in high symmetric structures. However,
new theoretical and experimental results have shown that
under pressure light alkalies depart radically from this
simple behavior, as phase transitions to complex and low-
coordinated structures emerge.2–5 According to a recent
x-ray analysis3 lithium undergoes a bcc to fcc transi-
tion at 7.5 GPa, followed by a fcc to hR1 at 39 GPa
and a hR1 to cI16 at around 40 GPa. On the other
hand, despite experiments looking for superconductiv-
ity in lithium at equilibrium have failed,8 it has been
observed to superconduct at 20 K when pressure rises
to 40 GPa.9 This surprising and intriguing correlation
between complex structures and superconductivity have
rosed the interest to characterize physical properties of
compressed lithium.
In this article we present the evolution under pressure
of the Fermi surface (FS) topology in bcc lithium, as a
key ingredient explaining observed phonon instabilities,
which determines a nesting induced Peierls-type mecha-
nism as the origin of the cI16 structure in lithium. Elec-
tronic properties in lithium under pressure are analyzed
using a plane-wave implementation of the Density Func-
tional Theory (DFT) within the Local Density Approxi-
mation (LDA),10 whereas phonon frequencies have been
computed with Density Functional Perturbation Theory
(DFPT).11
Li-cI16 structure can be easily characterized starting
from a parent bcc with double unit cell and consider-
ing atomic displacements along the cubic diagonal which
transform as a transverse zone boundary instability at
the N point of the bcc Brillouin zone (BZ).7 Fig. 1 dis-
plays bcc phonon frequencies evaluated atN as a function
of pressure. Although the longitudinal mode increases
under pressure, at around 5 GPa, close to the bcc to
fcc transition, the T1 transverse mode (polarized along
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Fig. 1. Phonon frequencies of bcc lithium at theN point of the BZ
boundary as a function of pressure. L and T labels longitudinal
and transverse modes. Although the T1 mode (polarized along
[11¯0]) becomes unstable at around 5 GPa (corresponding to the
bcc to fcc transition), the T2 branch (polarized along [001]) is
stable up to around 25 GPa. On the other hand, the longitudinal
mode increases constantly with pressure.
[1¯10]) becomes unstable. In addition, when pressure rises
to around 25 GPa, T2 (polarized along [001]) also become
unstable at N . In fact, as mentioned above, instability of
both transverse modes is required in order to get the cI16
structure from a parent bcc, because transverse atomic
displacements along the diagonal of the cube ([1¯11]) can
only be obtained by a linear combination of T1 and T2.
On the following, we present the evolution of the FS
topology of bcc lithium under pressure, as a key ingre-
dient determining the modification of its physical prop-
erties. The nearly spherical shape it presents at equi-
librium, confirming the nearly free electron character at
normal conditions, significantly deforms under compres-
sion (Fig. 2). Such strong distortion of the FS under pres-
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sure can only be explained by an increasing s to p orbital
mixing induced by a growing pressure-driven non-local
effects of the ionic pseudopotential.6 At 5 GPa the FS
starts touching the N point in the BZ boundary, which
is correlated to the above mentioned instability of T1 at
N and the bcc to fcc transition, explained by a Hume-
Rothery mechanism.12 More importantly, with increas-
ing pressure the FS develops extended nestings, so that
both T1 and T2 become unstable at N when P>25 GPa.
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Fig. 2. Fermi surface of bcc lithium at P=40 GPa. The spheroidal
Fermi surface at equilibrium becomes increasingly distorted un-
der pressure and at around 5 GPa, close to the experimental bcc
to fcc transition, contacts the Brillouin at the bcc N point. With
pressure the Fermi surface of bcc lithium shows increasing necks
along ΓN and, more interestingly, develops an extended nesting
along [121], which becomes the origin of several modifications on
its physical properties.
In Fig. 3 we present FS cross sections in the (110) and
(11¯1) planes at equilibrium [(a) and (b)] and P=40 GPa
[(c) and (d)], respectively. Although at equilibrium the
cross section in the (110) is almost a perfect circle, it
becomes slightly distorted in the (11¯1) plane and, fol-
lowing this trend, at 40 GPa shows an extended nesting
along the [121] (q
[121]
nest = pi/a(1, 2, 1) = 2kF) and two
other symmetrically equivalent directions. Interestingly,
this nesting originates a kink in the electronic suscep-
tibility and is connected to the observed phonon insta-
bility at N . However, ΓN 6= q
[121]
nest . In order to compare
both momenta we have to take into account that q
[121]
nest
extends out from the first BZ, which after folding back
with G = 2pi/a(−2, 0, 0) results to be the N point at the
BZ boundary: q
[121]
nest + G = pi/a(1, 0,−1) = ΓN . Addi-
tionally, the calculated nesting vector lies exactly above
the observed [211] peak of the experimental x-ray diffrac-
tion pattern corresponding to the cI16 phase,3 which be-
comes relevant determining the nesting induced Peierls-
type mechanism to stabilize this structure.
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Fig. 3. Fermi surface cross sections (solid lines) of bcc lithium
along (110) and (11¯1) planes at equilibrium [(a) and (b)] and
P=40 GPa [(c) and (d)], respectively. BZ boundary is represented
by dotted lines. At ambient pressure the cross section along (110)
shows an almost perfect circle (a) but along the (11¯1) plane
(b), which includes six points N , even at P=0 becomes slightly
distorted. The distortion of the Fermi surface increases under
pressure and at P=5 GPa contacts the BZ boundary at N . More
interestingly, at 40 GPa the cross section in the (11¯1) plane (d)
presents a clear nesting along [121] and symmetrically equivalent
directions, which becomes the origin of the observed structural
transition to the cI16.
In conclusion, we have performed ab initio calculations
of the Fermi surface deformation with increasing pres-
sure in bcc lithium. As a result of the increasing non-local
character of the pseudopotential, the Fermi surface of bcc
lithium becomes highly anisotropic under pressure and
presents an extended nesting along the [121] direction,
which explains the observed phonon instabilities of both
transverse modes at N and determines a nesting induced
Perierls-type mechanism as the origin of Li-cI16. It is
noteworthy that we also expect interesting anomalies in
the optical and dynamic screening electronic properties
to arise in lithium under pressure, as dropping bands be-
low the Fermi energy will enhance electronic interband
transitions. Finally, complex structural transitions un-
der pressure are not unique in lithium, but have been
observed in heavier alkalies and other elements as well,
where very similar Peierls-type instabilities might be also
expected.
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